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. Abstract:The spatialdistributionof bivalvemolluscsand its relationto
granulometryandtothepercentageoforganicmatterandsilt-claywerestudiedin
theSacodoCéuInlet.Bivalvesandsamplesof sedimentwerecollectedin 39
stations,in JanuaryandJuly 1992,usinga 0.1m2Petersengrab.The typeof
sedimentvaried:&omveryfinetocoarsesand.Nineteenspeciesofbivalveswere
quantified,14ofwhichwerepresentin thetwoperiodsof theyear.Thehighest
diversitywasfoundin mediumandfinesandin summerandin coarsesandin
winter.Thesebottomspresentedagreaterstructuralheterogeneity.A community
dominatedbyCorbulacaribaeawasdistinguishedin finebottomswithrelative
high contentof organicmatter,whereasanothercommunitydominatedby
Anomalocardiabrasilianaoccurredin coarserbottoms.Bothcommunitieswere
distributedin continuuma10ngasedimentgradient.
. Resumo:A distribuiçãoespacialdosbivalvesesuarelaçãocomagranulometriae
os teoresdematériaorgânicae silte-argilaforamestudadosno Sacodo Céu.
Obteve-seamostrasdefaunae sedimentoem39estaçõesnosmesesdejaneiroe
julhode1992,utilizando-seumbusca-fundodePetersende0,1m2.O sedimento
varioudeareiafinaaareiagrossa.Foramquantificadas19espéciessendoque14
ocorreramnosdoisperíodosdoano.Osfundosdeareiamédiae [manoverãoe
areiagrossano invernoapresentaramosmaioresvaloresdediversidadeuma
maiorheterogeneidadeestrutural.Evidenciou-seaexistênciadeumacomunidade
dominadaporAnomalocardiabrasilianaemfundosgrossoseoutradominadapor
Corbula caribaeaem fundosfinos, ricos em matériaorgânica.Ambas
distribuíram-seemcontínuo,aolongodeumgradientesedimentológico.
. Descriptors:Spatialdistribution,communitystructure,bivalvia,soft-bottom,
shallow-water,IlhaGrandeBay,southeastemBrazil.
. Descritores:Distribuiçãoespacial,estruturade comunidades,bivalvia,fundos
rasos,BaíadeIlhaGrande,Brasil.
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Introduction
The descriptionof spatialpatternsin the
distributionandabundanceof speciesis anessential
steptowardsassessingtheecologicalprocesseswhich
structurecommunities(Joneset aI., 1990;Jameset
aI., 1995).Amongabioticfactorsthatcontrolcoastal
soft-bottomarinecommunities,theimportanceof
sedimentgrain size is emphasized(Gray, 1981;
Morriseyet aI., 1992;Dieneret aI., 1995).Grain
size directlyaffectsbiologicallyrelevantvariables
suchasporosity,oxygentension,porewatercontent,
retentionor absorptionof particulatecarbonand
contaminantsandredoxdepth(Dieneret aI., op.
cit.).
Molluscsaredistinguishedin tropicalshallow
water benthiccommunities,both in terms of
abundanceandspeciesrichness(Gonçalves& Lana,
1991).Investigationsintotheecologicalroleplayed
by molluscsmustbe foundedupon fundamental
informationonthespeciespresent,heirdistribution
and abundanceand the relationshipbetween
abundanceandfeaturesof thehabitat(Joneset aI.,
op.cit.).
The presenceof the majoroil terminalof
LatinAmericaatIlhaGrandeBay(petrobrás,1991)
representsa potentialsourceof disturbanceto affect
themarinecommunity.In thissense,knowledgeof
the naturalspatialand temporaldistributionof
benthicorganisms,whichareoftenusedasindicators
of pollution(Dauer,1993;SoetaertetaI., 1994),is
essentialwhenassessingandcomparingtheeffectsof
anydisturbance(Anderlini& Wear,1992;Bachelet
et aI.,1996).Few studies(Neme,1979;Sanches,
1989*)haveexaminedthe ecologyof soft-bottom
marinecommunitiesat thestudyarea.Comparisons
betweenthesestudiesand the presentstudyare
difficult due to eitherthe methodologyutilized
(Neme,op. cit.) or the zoologicalgroupstudied
(Sanches,op.cit.).
Thepurposeofthisstudywastodeterminethe
spatialdistributionof Bivalvia(Mollusca)ftom a
shallowwaterbayinAngradosReis,RiodeJaneiro.
Materiais and methods
Studysite
Ilha GrandeBayis locatedatthesoutheastern
coastof Rio de JaneiroState(44°45'to44°00'W,
(*) Sanches,T. M; Eichler,B. B. & Mahiques,M M de 1989.
Distribuiçãodosforaminiferosrecentesna Baía da Ilha Grande,
Estado do Rio de Janeiro. In: SIMPÓSIO SOBRE
OCEANOGRAFIA,1.Resumos.SãoPaulo,IOUSP.p.l94.
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22°50'to23020'S).Theclimateis tropicalwithdry
wintersandrainysummers.Meanprecipitationin
thesummer(270mm)wasalmostfourtimeshigher
thanin thewinter(70mm)forlast20years(1974to
1994).
The Sacodo Céu Inlet, locatedon theeast
coastof Ilha GrandeBay(Fig. 1), is a low-energy
unpollutedshallowwaterinlet between2 and 9
metersdeep(ca 1km2in area)with sandybottoms
(IEF, 1992).
Samplingandlaboratoryanalysis
In January(summer)andJuly (winter)1992,
sedimentsampleswere collectedftom39stationsin
the Sacodo Céu Inlet. The s~mplingprocedure
consistedof threesamplestakenat eachstation,
usinga 0.1m2Petersengrab,forbiologicalanalysis
and an additionalsamplefor sedimentanalysis.
Faunalsamplesweresievedthrough0.5mmmeshes
and fixed in 5% formaldehyde.Bivalveswere
identifiedto speciesleveIandquantifiedas mean
numbersper station. Sedimentsampleswere
subjectedtograinsizeanalysesaccordingto Ingram
(1971) and the organicmattercontentwas
estimatedasthe lossin weightof driedsediment
(lOO°C,24h) aftercombustion(500°C,3h) (Suguio,
1973).
Dataanalysis
Meanparticlesizeandthedegreeof sorting
weredeterminedfollowingFolk & Ward (1957).
Relationshipsbetweenthe percentageof organic
matterandthewatercolumndepth(correctedfor
tides)andbetweenthepercentageof silt-clayand
water column depth were obtainedusing
Spearmanrankcorrelation(Siegel,1975).Sampling
stationsftomsummerandwinterwereassembledin
groups according to theirmeangrainsize.For
each group, the percentageabundance(a) and
ftequency(f) of eachspecieswerecalculatedandare
definedas:
a=Na/(Na+Nb+..+Nn)-100;
whereNa,Nb..Nnarethenumbersof individuaIsof
species"a","b",.."n"and
f =Pa/P-100;wherePa is thenumberof stationsin
whichspecies"a"occurandP isthetotalnumber
ofstationsin thegroup.
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Characteristicspecies (those of >50%
abundance)werealsodetenninedin eachtypeof
sediment,followingPalacinet aI. (1991).Shannon
Diversityindex(loge)andEvenness(Pielou,1969)
werecalculatedfor sevenstationsof eachgroup
(coarse,medium,fine andvery[mesand) in the
summerandof thetwomostrepresentativegroups
(coarseand fine) in the winter.The numberof
stationsneededtorepresentspeciesrichnessin each
23"30"S
typeof sedimentwasobtainedfroma species-area
curve.Relationshipsamongsamplingstationswere
determinedby MorisitaModifiedSimilarityIndex
(Horn,1966)andthensubjectedto bothc1ustering
and ordination analysis. Clustering was by
AgglomerativeHierarchical Cluster Analysis
(Ludwig& Reynolds,1988)andordinationwasby
PrincipalComponentAnalysis.
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Fig. 1.Mapofthestudyareashowingstationlocations.
Results
All samplescollectedin the summer
consistedof sandysediments.About32%of the
stationswerecharacterÍzedbyfinesand(mean=0.17
mm),26%of the stationswerecharacterizedby
coarsesand(mean=0.64mm),21%bymediumsand
(mean=0.31mm) and 21% by very fine sand
(mean=0.07mm).Five typesof sandysediments
wereevidentin the winter:coarsesand(42%of
stations)(mean=0.64mm), [me sand (39% of
stations)(mean=0.20mm), mediumsand (10%)
(mean=O.28mm), very coarse sand (6.5%)
(mean=1.08)andveryfinesand(3.0%)(mean=O.OI
mm) (Fig. 2). Sedimentsweremarkedlypoorly-
sortedinbothperiods.
Thehighestvaluesof organicmatterandsilt-
c1aywerefoundin fineandveryfinesandystations
(Table1).Thepercentageoforganicmatterandsilt-
c1ayweredirectlycorrelatedwith depthin both
seasQns(Table2).
Abundanceandfrequencyofspecies
In the summer,a totalof 1,673organisms
from 19speciesof bivalveswerequantified(Table
3). Anomalocardiabrasilianawas the dominant
speciesin both coarseand mediumsand and
classified as thecharacteristicspeciesof coarse
sand. In fine sand, Codakia costataand A.
brasiliana weredominant.Corbulacaribaeawas
the dominant speciesin veryfinesandandthe
most frequentspeciesin both coarseand fine
bottoms.
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In thewinter,a totalof 553individuaIsfrom
15speciesofbivalveswerefound(Table3).Codakia
orbiculataandA. brasi/ianawerethe dominant
speciesin coarsesand.Corbulacaribaeawasthe
mostabundantspeciesin medium,fineandveryfine
sand,a characteristicspeciesin thefinestsediments
andthemostfrequentspeciesinalItypesofsediment
exceptinveryfinesand.
SpecificDiversity
In thesummer,thehighestvaluesofdiversity
and evennesswererecordedin mediumand fine
sand,whereasthelowestweremeasuredin coarse
andveryfinesand.In thewinter,thehighestvalues
ofdiversityandevennesswerefoundforcoarsesand
(Table4).
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Fig.2.SpatialdistributionofthedifferenttypesofsedimentsampledinSacodoCéuInletin (A) summerand(B) winter.
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TableI. Meanvaluesof organicmatter(O.M.) andsilt-clay(S.e.) al thediflerenltypesof sedimentin SacodoCéuInlel,in
summerandwinter.( VCS=verycoarsesand;CS=coarsesand;MS=mediumsand;FS=finesand;VFS=veryfine
sand).Numbersinparenthesisarestandardeviations.
Table2. Spearmanrankcorrelationsbetweenthepercentagesof organicmatter
(O.M.) andwatercolumndepthandbetweenthepercentageof silt-clay
(S.e.)andwatercolumndepth.
SUMMER WINTER
O.M.x Depth rs=0.71 rs=0.53(p=O.0145)
S.C.x Depth rs=0.67 rs =0.71(p=O.OOOI)
ClusterAnalysis
HierarchicalClusterAnalysisconfirmedthe
relationshipsobservedamongspeciesdistribution
andgrainsize in bothseasons.Six majorgroups
wereevidentin thesummer(similarityleveiof 0.5)
(Fig. 3). Corbulacaribaeawasthe dominantand
mostfrequentspeciesin stationgroupA, whichwas
mainly characterizedby very fine (39% of the
stations)andfinesand(33.3%).On theotherhand,
A. brasilianawasthedominantandmostfrequent
speciesin stationgroupF, characterizedby coarse
sand (50% of the stations)and mediumsand
(33.3%).Five majorgroupswererevealedin the
winter(similarityleveiof 0.5) (Fig. 4). Corbula
caribaeawas the dominantand most frequent
speciesin stationgroupsmainlycharacterizedbyfine
sands(groupA-60% of the stations),whereasA.
brasilianawasthemostrepresentedspeciesin coarse
sand(groupE-50%).
Ordination
Thefirsttwoaxesof variabilityaccountedfor
56.8% of the total variance.SpearmanRank
Correlationindicatedthatthefirstaxisofvariability
wasstronglycorrelatedwithdepthandpercentageof
organicmatter(Table5). StationgroupI (Fig. 5a)
presentedboththehighestmeandepthvalues(6.6m
i: 2.0)andpercentageof organicmatter(19.2%:t
3.0),beingcharacterizedby the dominanceof C.
caribaea(Fig.5b).Thesecondaxisofvariabilitywas
not significantly correlatedwith depth and
percentageof organic matter (Table 5).
Nevertheless,tationgroup11(Fig.5a)presentedthe
lowestmeandepthvalues(0.4 m :t 0.6) and the
lowestpercentageof organicmatter(1.4%:t 0.6),
being characterizedby the dominanceof A.
brasiliana (Fig. 5b). The other stationswere
characterizedbymeandepthvaluesof 3.3m :t 2.0
andorganicmattervaluesof 8.4% :t 6.3. These
stationsconsistedof differentdominantspecies
whichwereconcentratedaroundtheorigin of the
axes(Fig.5b).
Discussion
The Saco do Céu lnlet was markedly
characterizedbypoorlydiversifiedsandybottomsin
both seasons.Sedimentheterogeneitywas a
reflectionof the low tidal energyobservedin the
inlet. Gray (1981)statedthat particledeposition
dependson manyfactors,includingcurrentspeed,
the roughnessof the sedimentand the periodof
hydrodynamicstability.Well-sortedsedimentsare
typicalof high-energyareaswhereasthosemore
heterogeneousareobservedin low-energyareas.
Typesof
sediment
Summer Winter
CS MS FS VFS VCS CS MS FS VFS
%O.M. 3.6(4.5) 9.9(12.7) 15.8(5.8) 18.8(1.5) 1.4(0.1) 7.9(3.2) 19.3(6.2) 20.2(I .5)
%S.e. I.2(1.8) 3.0(3.0) 7.9(5.3) 19.2(6.1) 0.5(0.6) 2.3{.) 7.4(4.3) 10.4(8.5) 38.6
24
BivalveCommunityStructure
Spatialdistributionofdominantspecies
Anomalocardia brasiliana occurred in
sedimentswithlowamountsof silt-clay.Abundance
of A. brasilianadecreasedfrom a total of 845
individuaIscollectedin the summerto 63 in the
winter.Sucha reductionmightbeinfluencedbythe
increasein the meanpercentageof silt-clayand
organicmatterrecordedin the winter,mainlyin
mediumandfinesandwhereA. brasilianadecreased
to zero.Suspension-feeders,suchasA. brasiliana,
mostly occur in sandy bottomswhichare
relativelyfree from large amountsof silt-clay
(Sanders,1958;Nybakken,1988)andrelyon food
suppliedby thewatercolumn(Kamermanset ai.,
1992).Sedimentsmarkedlycharacterizedbycoarse
particlesare typical of relativelyhigh current
activitiesareaswhich, in consequence,xhibita
betteravailabilityof feedingparticlesin thewater
columnthanfinesediments(Levinton,1972).Coarse
fractionsare lessoftensubjectedto resuspension,
mainlyby the activitiesof burrowingorganisms.
Resuspendedsedimentmaycausethe cloggingof
filteringstructures,renderingthemunusable(Rhoads
& Young,1970).Schaeffer-Novelli(1980)andLana
etai. (1989)showedthatA. brasi/ianaoccurredin
areascharacterizedby sandysedimentsand low
percentagesof organicmatterat the southeastem
littoralofBrazil.
Corbulacaribaeais morefrequentin muddy
bottomsat the Brazilian southeastem id-shelf,
between50and120metersdeepandin sandyand
muddybottomsin low-energybays and inlets
(Gonçalves& Lana,1991).Accordingto Domschke
(1978),fewparticlesuspendedin thewatercolumn
may be the mainsourceof foodfor C. caribaea
due to its inhalantsiphonstructure.Nevertheless,
as the inhalantsiphonremainsatthesurfaceof
thesediment,C. caribaeacanactivelyvacuumclean
the sedimentsurface and particlesdeposited
aroundthesiphonalaperturecouldbe carriedinto
themantlecavity(Domschke,op.cit.).Furthermore,
morpho1ogica1evidence,suchas separatesiphons,
indicatethatC. caribaeais adepositfeeder.In fact,
C. caribaeawas dominantin bottomswith the
highestvaluesoforganicmatterandsilt-clay.
Corbulacaribaeawasabsentfromthestations
whereA. brasilianaoccurred,in coarse,mediumand
fine sedimentsboth in summerand winter.
Anomalocardiabrasilianawasthedominantspecies
in the Sacodo Céu Inlet andexhibiteda highly
aggregatedistributionpattem( cr2/1l> 50 in the
summerand cr2/1l> 5 in the winter).This fact
suggestshatthisbivalvestronglyutilizesthespatial
resource,whichin turnmaybecomelessavailableto
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C. caribaea.Moreover,denseaggregatesof a
suspensionfeeder(like A. brasiliana)may a1so
excludeany potentialdepositfeeders,suchas C.
caribaeabyfilteringlarvaeoutof thewatercolumn
(Nybakken,1988).
Specificdiversity
Bivalve diversityvaried both among the
differentypesof sedimentandseasonsof theyear.
In the winter, the dominancedecreaseof A.
brasilianaresultedin highervaluesof diversityin
coarsesandwhereasthedominanceof C. caribaea
determinedthelowdiversitymeasuredin thefinest
sediments.
Specificdiversityappearsto becorrelatedwith
sedimentstructure(Fresi et ai., 1983). Fine
sedimentsmainly characterized.by silt-clay are
structurallyhomogeneous.On the other hand,
poorly-sortedsedimentscanbeexpectedtogivemore
structuralheterogeneityand potentialniche space
and thereforehigher diversity (Gray, 1981).
Althoughthe Saco do Céu Inlet was markedly
characterizedby poorly-sortedsediments,the
occurenceofahigherpercentageof silt-clayatsome
stationscoulddeterminea reducednichespace,as
describedby Gray (op. cit.), comparedto coarser
bottoms.This pattemmayhaveleadto the lowest
speciesdiversityand the higher dominanceof
C.caribaeainthosefinestbottoms.
Spatialdistributionofbivalvecommunities
Accordingto Mills (1969),naturalpopulations
overlap in distribution along gradients of
environmentalfactors;i.e. one communitygrades
intoanother.Two distinctlystructuredcommunities
wereevidentin thisstudywithregardtodominance
ofspecies,beingsubjectedtodifferentenvironmental
conditions.Oneofthesecommunitiesoccurredin the
finestbottomswhichcharacterizedstationgroupA
and was dominatedby C. caribaea.The other
communityoccurred at the coarser bottoms,
correspondingtothespeciesfoundin stationgroupE
(winter)and F (summer).This communitywas
dominatedbyA. brasiliana.Betweentheseextremes,
there was an intermediategroup of stations
characterizedby species which were poorly
representedin thecommunitiesoutlinedabove.Such
speciesweredistributedin the form of continua,
reflectingtheexistenceofgradientsofenvironmental
factors,markedlysedimentgradients.Franz(1976)
reporteda gradationof bivalvespeciescomposition
fromonecommunityintoanotheras a responseto
sedimentgradients.Bacheletet aI. (1996)also
described two well-defined macrobenthic
communitiesand an intermediateone comprising
speciesfoundin theformercommunities.
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Table3.Abundance(%)andFrequency(%)ofOivalviaspecies.(CS=coarsesand;MS=mediumsand;rS=linesand;VFS=very
finesand).A =abundance;F=trequency.Nospecimenswerecollectedinverycoarsesandstations.
Types of sediment
Summer Winter
CS MS FS VFS CS MS FS VFS
A F A F A F A F A F A F A F A F
Anomaloeardiabr siliana 74 44 40 43 23 18 - - 16 23
Cardiomyacleryana 0.1 11
Chionepaphia 1.0 33 0.4 29 0.4 9.1 - - 4.9 23
Codakiaeostata 1.3 56 6.1 57 26 18 - - 15 7.7
Codakiaorbieulata 1.1 44 2.7 71 1.8 18 - - 17 31 13 33 - - 11 100
Codakiapeetinella - - 0.8 14 5.9 9.0
Corbulacaribaea 3.9 78 9.2 57 16 82 72 100 13 46 45 67 75 83 67 100
Crassinellaunulata 2.3 22 1.0 29 - - - - 1.1 15
Diplodontapunetata - - - - - - - - 7.5 39
Erviliaeoneentriea 1.0 11 3.3 29 - - - - 1.9 15
Felaniella viladerboana - - 1.2 57 9.5 73 9.9 100 U 7.7 16 33 20 83 22 100
Gouldiaeerina 5.8 56 4.3 43 0.4 9.1 - - 7.8 31
Laevieardiumlaevigatum
Lioberuseastaneus
Lucinapeetinata 1.0 22 0.4 14 0.4 9.0
Maeomatenta 0.1 11 0.4 14 1.5 36 17 86 - - 13 33 0.5 25
Nueulasemiornata 0.8 33 3.5 29 5.5 27 - - 11 39
Solemyapatagoniea - - 1.6 14
Tellinagibber 2.2 56 2.2 29 3.7 27 0.9 14 0.4 7.7
í'ellinalineata 4.8 33 21 29 2.9 18 - - 1.131 13 33 3.9 8.3
Trachyeardiummurieatum 0.1 11 1.4 43 2.9 9.0 - - 1.9 15
Transenellastimpsoni 0.1 11 0.8 14 0.4 9.1
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Table4.Shannonspeciesdiversity(ioge)andevenness(inparenthesis)atthemostrepresentativetypes
ofsedimentinsummerandwinter.CS=coarsesand;MS=mediumsand;FS=finesand;VFS=very
finesand.
Fig.3.DendrogramshowingthemajorgroupsobtainediTomhierarchicalclassificationamong
stationsinrelationtoabundanceofspeciesinsummer.
CS MS FS VFS
SUMMER 1.09(0.40) 1.99(0.69) 2.02(0.84) 0.81(0.58)
WINTER 2.27(0.86) ...--- 0.67(0.48)
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Fig. 4. Dendrogramshowingthemajorgroupsobtainedfiomhierarchicalclassificationamong
stationsinrelationtoabundanceofspeciesinwinter.
Table5-Spearmanrankcorrelationsbetweenthecoordinatesfiomprincipalcomponentsaxes(I and
TI)andabioticfactors.*P<O.05
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The presentstudysuggeststhatthe spatial
distributionofA. brasilianawaslimitedbyphysical
factors,mainlyby the silt-clayfi-actions.Corbula
caribaeawaslessinfluencedbythesefactorsin that
it wasthemostfi-equentspeciesin mostof thetypes
of sediment.Thespatialdistributionof C. caribaea
appearedto bemostlyinfluencedbytheoccurrence
of A. brasiliana.However,the relativeroles of
physicalandbiologicalfactorsin thedistributionof
both speciesneedto be determinedby further
research.
Granulometryand organicmatterwerethe
preponderantfactorsin determiningabundanceand
spatialdistributionsof bivalvesin theSacodo Céu
Inlet.Themajorityof speciesrecordedin thewinter
occurredin thesummeraswell.However,therewas
a distinctionbetweenthetwoperiodsof theyearin
relationto abundanceand specificcomposition
amongsimilartypesof sediment.Two different
communities(onedominatedby C. caribaeaand
otherbyA. brasiliana),weredistributedin theform
ofcontinualongsedimentgradients.
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